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PRACTICAL COLOR VISION TESTS FOR AIR TRAFFIC
CONTROL APPLICANTS: EN ROUTE CENTER
AND TERMINAL FACILITIES

INTRODUCTION
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testing for ATCS selection. The

1. o
?fﬁﬁif LUIVe LIDE-

present research con-

cerns the dcvch‘:pmcn: and validation of pfzcr ical.

“work sample” color vision rests for secandary s -

ing of ATCS zpplicants who are secki g :‘ﬂ:p?oymcnt

{

atr serminzl and on revre cenror 2ir raffe controb
AT

Oprimally, ceior viston sercening of ATCS apph-

facilities.

cants should provide both the ahmn‘ 1o selecr all
individuals who can purformsafervcr
tasks accurarely, whe;“c: thew i’::\‘-'r a color viston
deficiency or not. and screen ount all wndividualy who

cannor perform thow tasks ac

tasks must have both a low miss ’fa]s nep a:'vc} rzte 1o

ensure safery, and a low faise

4

alatm {false

"’U
<
o,
"t
-
-
3

-y
-
4
4]

jn]
o

ensure fairness. | he moc direcr wav of accomphs:‘.
g t}‘af D‘L‘liCLC:‘n‘: 35 LD LFgaic ‘.0.{0} \'13'01 SC:.':‘::‘ning
tests thar are "work sample’ rests such that they

ratelv sinulate the color-coded materials of the task
znd the view: g < condirions of the work eavironmznt.

The stimulus characteristics thar affe

-« zolor per
tian, such as color, color conzrast, brightness, br:g

fess conirast, and s:smu.‘us size, must he fé;:"-:'OdL[CC

accurately. Viewing cenditions thar can affecs color
perception, such as intensity wnd color of ambivnt

ton and the viewing distance. must afse he
reproduced

tiumina:

accurately. Such tests can be considersd
" becauss they involve essentialiv the
:nd observation conditiens that are
ork rasks rj:-\scn & Sicgall,

should 2

L7
o
o
o
]
L
o]
j&i
)
P’“
w
|
"
o

3. The nracticai 15

9% T alsor {14 simulate
“normal” work s'tuatiom. ra%he: than more marginal

1 30 s . .
observarion congitions &hat BOMICUMTS OJC U, MOy

those conditions may alsa deorade perm maznce of

indis tdvals with normal celor vision; and \?_; voive

very simple color identification andfor discrimination

responses so that the tests assess oniy ;0101 vision

abilicy. in addition 1o wsting color visien appropn-

ately for the job, the test’s relevance to the inh should
be expla:ned to the aspm nrand be sufficivnly obvi-

OIS SO &% 1O PIOMMOIT & POsSinve Fesponse 1o the t=s;

impécmen:e 1707 e aar, '.OE\"; ViRI0n sCIgCnIng {}f_
. -

ATCS gpplicans whe &ai* clinical color vicon t2arin

A &
K~
Arrmimo reir amitial . H
s..a..-i;.g theirinanias PIS IR P OVITART MG '\.-.‘.l tXa ii
N '
H
N . T
-1
BT

s

-
K
[~
-0
I
Jt
o

b



PRACTICAL COLOR VISION TESTS FOR AIR TRAFFIC
CONTROL APPLICANTS: EN ROUTE CENTER
AND TERMINAL FACHLITIES

INTRODUCTION

A medical color vision standard has been esrabliched
for Air Traffic Control Specialists (ATCSs) by the US.
Office of Personnel Management {1993} due ro 1he
ese of color coding of critical information for several
tasks, as verified by job-task analysis {Lahey. Veres I11,
Kuvk, Clark, & Smizh, 1984).
also demonstrated that individuals with normal color

Previous research has

vision rarely make errors in simulated ATCS color
zasks. while many individuzls wich ali levels of color
vision deficiency frequently maks errors {Adams &
Taguc. 1985; Kuvk, Veres, Lahey, & Clark, 1986,
1987; Mernens & Milburn, 19922). Several clinical
color viston tests have high predictive validior for
identifying individuals who can perform parcicalar
ATCS color tasks without error {Mertens & Milburn,

92bi. Those tests in generzl tend 1o have low miss

{false negative} rates, typically 5% or less. While all of

the approved clinical tests had acceprable miss rates,
false alarm rates tended o be somewhar higher, and
were undesirably high with a few tests (Mertens &
Milbura, 1992b). Soeme individuzls who fail clinical
tests may be able to perform ATCS color tasks as well
as color vision normals. Practical color vision tests -e,
therefore, desirable for increasing the predictive effi-
ciency and cprtimizing the validity of color vision
testing for ATCS selection. The present research con-
ceens the development and validation of practical,
“work sample” color vision tests for secondary screcn-
ing of ATCS applicants who are 5<:tking emplovment
at terminal and en route cenrer z2iv wmpffic control
(ATC) facilicies.

Optimally, celor vision screening of ATCS appli—
cants should provide both the abiliy 10 select all
individuals who can perform saferv-crirical ATCS zolor
tasks accurately., whether ther have 2 color vision
deficiency or not. and screen ont all individuals who

cannor perform those tusks accurately. A test with high

£rv wFu Ay ATFS reder

validiy for performance in ATCS color
tasks must have both a low miss {false negative) rate to
ensure safety, and a low false alarm {false posirive) rate
to ensure fairness. The most direct way of accomplish
ing thar objective is o create color vision screening
tests thar are “work sample” tests such thart they accu-
rately simulate the color-coded materials of the task
znd the viewing conditions of the work environment.
The stimulus characteristics char affecs color percep-
tion, such as color, color contrast, brightness, bright-
ness contrast, and stimulus size, must be reproduced
accurately. Viewing conditions that can affect color
perception, such as intensity and color of ambient
tilumination and the viewing distance. must also be
teproduced accurately. Such tests can be considersd
“practical rests” because they involve essentially the
same materials and observation conditions that are
involved in the actual work tasks (Jewell & Siegall,
199€). The practical tests should also: {1V simulate
“normal” work sitnations, rather thar more marginal
observation conditions that sometimes occur, sinde
those conditions may also degrade pcrformax‘.ce of
individuals with normal color vision; znd {2} involve
very simple cofor identification andfor discrimination
responses so that the tests assess only color vision
abilicy

arely to: the job. the test’s relevance 1o the iob should

. In addition to testing color vision appropri-

be explained 1o the applicant and be sufficicntly obvi-
Ous 5O 3T 1O PrOMOLE 2 Positive response 1o the e
Sx'cuat.on

Trwe practical color vision tests for en route center
and terminal ATCS work eprions, that were developed
in the present research, represent the most imposzant,
safety-crivical tasks involving non-redundant color
coding in each work simuation. The practical rests were

developed with the intention that thev should be

implemented for secondary color vision screening of

ATCS applicants who fall clinical color vision 1esting
during their initial pre-emplovment medical examing-
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uon by an Aviation Medical Examiner. The two tests
described here have subsequently been: implemented,
and the tests are administered at the office of the
Regional Flight Surgeon in each of the nine Federal
Aviaton Administzation (FAA) Regions. A practical
test for a third ATCS work opdon involving work in
Automated Flight Service Stations (AFSSs) is under de-
velopment, but is not addressed in the present report.

Practical Coler Vision Test for En Route Center
ATCSs

The most demanding color vision task at en routs
centers Involves accurately distinguishing berween red
and biack computer printing and handwriting on
Flight Progress Strips (FPSs). The test for this task is
named the Flight Progress Surips Test {FPST). The
FPSs are tfrequently referred o during an ATCSs time
“on the hoards” {Verrae, Manning, & Rorzer, ‘99"‘
i wide by 1-5/1

in high. and is tvpically mounted in a plastic holécr

Each paper FPS is approximarely 8

and sracked on a sloping bav locsted near the large
radar cathode ray wube situation displav of air traffic.
There is at lzast one FPS for each aireraf thar is
controlled by the en ronte ATCS. The FPS contains 2
varizty of information that is cither compurer printed
by the ATCsystem’s compurers, or handwritten by the

ATCSs. The FPS information describes the tvpe of

aircraft zpd the afreraft's siruzrion. induding akitude,
deparrure. route. fixes, clearances. approack, and so
forth. The most critical color coding involves the use
of the colors black and red o distinguish becween
‘assigned versus non- 3;31"ﬂcd {planned} informzdion
- concerning 2ititude, routs, dcparzurc. approach. frxes.
clearances. and so forth (FAA. 1989}, Other uses of the
blackired code in' FPSs include differentiation be-
tween {1} coordination versus incorrect fEDUILAE, alo-
tude. (2} norch versus sourh flights, and {35 ezst versus
west flights.
The FPST requires the identification of red an

black colors in reproductions of actual FPSs made by
a phorographic coler separation process and litho-

graphic reproduction process that is also wsed for

color-critical fine art printing. The FDPS copies were
printed on the same 32 1b pale green lecger paper vsed
by the FAA for FPSs. The FPST was validated by

comparing color responses to the FPST with caler

te

responses to a test consisting of the ariginal strips from
which the copies were made. The criterion test con-
taining actual strips was named the Criterion Flight
Progress Strips Test (CFPST). The FPST and CEFPST
test materials were illuminated by a special light source
developed 1o produce ilumination of the color znd
tntensity typical at actual ATCS work starions.

Practical Color Vision Test for Termina] ATCSs
The second test was designed for testing ATCS
zpplicants who will work in air traffic conrtro] rowers at
terminal facilities, and who must, therefore, be able 1o
idenrify and discriminaze the color of aircrafr lights at
night. The color coding of aircraft lights is imporrant
for location of aircraft and determining their direction
or orientation, in flight or on the grouad, based on -
wentificarion of red, green, and white position lights.
The resr is called the Aviztion Lighes Test {ALT} and
and mechanisms of the
color vi-

it makes use of the bodyv
Farnsworth Lanrern. a well-knewn dinica!
sion rest that invelves idenrification of red. ereen, and

red

and green frirers was required 1o make the light poines

whire light points. Modificarion of the lantern's
meet FAA and International Civil Avizrion Organiza-
tion {1CAQ! color standards far aviation signal fights,
bur rhe brightness of simulated lights is similar o the
Farnsworth Lantern. The administration and scoring
procedures also differ from the Farnsworth Lanrern 4
foliows: (1} the ALT procedure invaives a dcmons:ra-
tion of each of the three test light colurs prior ta rest
trials; {2} rhe ALT alwavs involves presenting three
randem serics of the nine pairs of lights produced by,
the lantern. zad requires scoring of responses w all 27
pairs of lights: and {3} the disposition crirerion of the
ALT Is difierent and resulss in &ilure if ewo or mars
crrors are made during the responses of 27 zest trials:
and {4} a very dim room illuminaiion is used that
approximates the dim Hluwminanion in the ATC tower
cab at nigh:. The ALT is a practical test because ir
involves actual red. grevn, and whize point sized irghts
thataccurasely meetcolor specifications, and are within
the range of intensities of aviation signal lights as seen
ar night from the ATC tower.

The basisof validitv of the A1 T i that the simulated
fights actnally meet the specificarions for colored avia-

ton signal fights as determined by colorimersic mea-

DA294560




surements in the present research. The ALT resr was
given to individuals under both the design {(dim]}
itluminarion, and under conditions of 2 normally lit
office to determine the importance of variation in test
room illumination in this study. Ir was predicred that
west cffecriveness would not be affected significandy by
this variation in ambient illumination. That predic-
tion is based on the general similarity of the ALT test
sumuli to stimuli of the Farnsworth Lantern test,
which has been shown to be insensitive to wide varia-
rion in ambient Hlumination {Dain, Henson. & Ang,
1988; Steen, Collins, & Lewis, 1974},

METHODS

Subjects

The tests were evaluated using 106 subjecrs with
normal color vision and 85 with color vision defi-
ciency. The ages of subjects with normal color vision
ranged from 1810 58 yr witha mean age of 31.2 yr and
a standard deviation of 11.1 yr. The ages of subjects
with color visien deficiency ranged from 18 1o 61 yr
with 2 mean age of 35.0 yr and a standard deviation of
12.5 yr. Normals included 63 men and 43 women.
Color deficients included 84 men and 1 woman.

All subjects had at least 20/30 visual acuicy in both
near and distant vision, as measured by the Bausch and
Lomb Orthorater vision tester. Subjects were recruited
through advertisements in newsletrers az local colleges
and universiries, and through local newspapers of the
Oklahoma City (OK) metropolizan area. All subjects

were paid an hourly wage.

Flight Progress Strips Test (FPST)

The FPST inciuded 2 copy of each of 30. FPSs
seléct_*ed from many thousands of strips obtained from
six en route centers; a dav’s ourput of strips was
obtained from ¢ach center. The 30 original strips were
used to make the CFPST. The FPSs were seiccted to be
tepresentative of the type fonts of the two types of
computer priaters that are used, the types of penc and
pencils used for handwriting on strips, and representa-
tive of the range of darkness/lightness normally found
in both computer printing and handwriring in the
actual work environment.

Each group of computer-printed charactess in the
same line and column of an FPS, that did not contain
ablank space and were the same color, were considered
an item on the test section pertaining to compuger
printing. Each handwritten altitude in the altitude
column was considered an item on the 21 strips {24
irems) resting color vision for handwriting on strips.
The FPS copies and instructions for the test were
assembled in book form to make the FPST. Three of
the 3Q strips were used for demonstration and 27

erved as test items. Subjects responded by identifying
the colors red and black in computer printing on &
strips conraining 100 frems and the color of handwrirc-
ing on 21 strips containing 24 1tems. There was no
ume limic for responding and performance was as-
sessed in terms of toral number of errors and a pass-fail
score. An error consisted in misidentifying the celor of
a red or black irem on a serip. The failure criterion was

IW0 Of more errors.

Criterion Flight Progress Strips Test (CFPST)

Performance of the CFPST served as the critzrion
tor validation of the FPST. The CFPST was identical
to the FPST, with the exception that it involved the
actual FPSs, rather than the lithographic copies of
those same FPSs that formed the FPST. The CEFPST
and FPST were essentially identical with regard to
form of the test book, ad ministration procedure, iliu-
mination, and scoring. The individual strips in each of
the two parts of the FPST and CFPST, cthe computer
printing and handwriting scctions. were presented in
differens random orders in the two tests.

FPST Test Stand and Illumipation

A test stand was constructed to hold the test books
1n a convenient testing position, and to provide consis-
tent and appropriate illumination for both the CFPST
and FPST. The stand is shown in Figure 1. This stand
was designed to provide an illuminartion Jevel of 5% lux
at the cenier of the test page. That corresponded 1o the
average workstation illumination as measured at two
faciliries, the Fr. Worth {TX) and Kansas Ciev {KS}en
route centers. [ his dlumination level was based on
measurements at four work stations wt cach facion

Measuremants were taken in the FPS bav zf the location

a At AN YN
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of the sirip farthest from the task light for the bayv, with
the task light adjusted to the highest intensity. The
task light used at en route centers for Hliuminating
flight strip bavs is a part of a standard console commeon
1o 2} ¢n route centers; it contains a cool whire fluores-
centlamp. The present cask light also used z cool white
flucrescent lamp 1o make color characteristics of the
wst Hlumination reahstic. The specific fluorescent

tube used in the FPST iight fixture was General Flece
v No. F4T5/CW. Each new tube was aged 50
ed w

trie Par
hours before being used for testing and was test
verify the 52 lux illumination level. with 2 rolerance of
plus or munus 10 percent. Tubes were replaced after
20|: h of usage. Measurements of tilumination were
made using a Photo Rescarch Catporation {Chatsworth.
CA3 Fast Scan Spectroradiometer Model TO2/703AM
The 5% lux
umination level is comparable o ifluminaton ar
J98%)

and reflectance srandard Modst RS-1.
sther centers as reported by Adams and T ¢gae

Aviation Lights Test
The test for applicanis for the terminal werk sprion,
called the Aviation [ights Tesr (A1 71

of sirnelaned woler coded

required the
’s*.‘lt"l‘unt‘a T t-‘i “fe tolos
aircraft lights in a dark enviranment a< required for
location and identification of aircraft and their diree-
tion: in night air traffic conrrol tower operations. The
Avistion Lights Test made use of the body and mecha-
nmisms of the Farnsworth Lantern (AMachetls Corpora-

Newburg, N.Y.), but modifica

1
me

tich, tion of
Farnswarth Lantern’s red and green lights was re-
quired 1o make the simulated tights meet FAA and
colors
Department of Transporration (DO VFAA. 1971
ICAQ. 1988]. White lights of the lantern met specifi-
cations. Appropriate custom filters were designed and

manufacrared by Kepp Glass Company (Pueshurgh

ICAQ specifications for aviation signal Light

PA} and instalied to modifv the Farnswortl Lantein wo

produce the chromaticities which are plozted 1n Figure

I along with the gamuts, or boundries, specified by the
FAA and ICAQ for aviation signal coloss. red. green.

and white. The new red and green fhers were designed

o make shight alrerations in coler, but maintain Ui same

Juminous inrensity of stimauli. and therefore. reramn the

independence of cofor and inrensity of fichr palnee
I3 . 5 H

[eaN

ATVKN TS AT

The simulared aircraft lights weie formed by two
2.5 mm circular apertures arrayed vertically and sepa-
rated by 13.0 mm. The resulting size of light points at
the 2.438 m (8 ft) viewing distance was 3.5 arcmin and
their separation in the visual field of view between
centers was 18.3 arcmin. The 18.3 arcmin separation
would simulate the case of ar: airerafr with 2 25 {i wing
span ara distance of approximately 1,432 m (4.700 f1)
The luminance of the surface of the small circular light

sources in <he lantern varied from 114.4 cd/m2 w

647.5 ¢d/m- Thar range of luminances ot hight poinzs
would approximately simulare aircraft pmmor' jights

at distances of 190 m {623 f1) 1o 1,237 m {4058 £}
This assumes an aircrafr position light lum.nousinten-

sity of 40 cd for the shortest simulated dxsrancc and
300 cd for the longest simulated distance. Kaufman
and Christensen [1987) stare that the 40 10 300 od
of position light

rzoge IRIENSICISS OCCUrS 2MONY afr-

afdifferentsizeinthe U 8.1 40 cd isthe minimum
in tcnsit}- required by FAR. There were 9 pairs of light
points thar simulated aviznien lights. The 18 lighe
points in the 9 pairs included 6 red,
white lights. The 9 pairs
v1des

misidentifics

6 green, and 6

- 1
Woie PICSCEKQG I random

1

Toial 2

e times for oz of 27 1nals. The
tian of the coior of either or both mem-
The crirerion for

rrials, That

criterion was based on previous rescarch with 2 similas

bers of 2 pair constituted nne crror.

in 27

failure was two of mare errars
task in which normal richromars rarely made errors,
.u.d AEVET o

Tnc iluminatjon for the ALT test room. 1

re than one error {Merrens & Mithbyrn,

CES’J.]'{'d
at the position of the Al'lL is approximarely 1 {nx
whichis recommended as the upper timit for illurmina-
naton
Engineening Seciety of North America, 1972 This

tion at windows in the ATC rower {Ilumi

dhumization level was achivied by placing a

- 1
NULIInG&:

small desk lamyp fixture with an clezr incandescent 7

Wzt ac bulb approximarelv 3 fr behind the

subjrct, with the i=mp ointed teward the wiling.
As mentioned in the .ntroduction. the ALY restwas
also admimstesed 1o a reom wit 1normal office itumi-

ratten. the iluminanen ar the absarvers cve

MR
.
065 luxwhen meassuied in a hotizonidd plane and 300
fux when mcasered oo vortieal plane.
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The data for the two conditions will be differenti-
ated by calling the task with low, ATC tower illumina-
tion ALT-L, and the task with the high, office
illumination ALT-H.

Diagrnostic Color Vision Tests

The procedure used for classification of deficiencies
involved the Nagel Type I anomaloscope to classify
individuals with red-green color vision deficiency.
Orther wests were used to derect and diagnose the rare
blue-yellow deficiencies that the Nagel anomaloscope
does not detect, but none of the lacter wers iound.

These diagnostic methods were identical to rhose de-
scribed by Mertens and Milburn {1992z},

Pracedurs

The Flight Progress Strips Tesce, the Aviation Lighrs
Test. and diagnostc tesis were administered at four
testing staticns, each supervised by a trained labora-
torv technician. All anomaloscope testing was per-
formed by the first author. The rests at each starion
took approximately 30-40 minutes to administer. The
order of the two FPS tests was reversed for half of the
subjects, as was the order of the two ALT tests. At least
one other, diiferent color visien tesrwas given between
the two FPS tests and the two ALT tests. The testing
of ezch subject was performed in a three-hour test
session. Within each session the feur testing periods
were scparated by a 5-10 min brezk.

RESULTS AND DISCUSSION

Diagnostic Classification of Subjects

The number of subjects in cach classification of type
and degree of color vision deficiency are shown in
Table 1. Representation of all categories of red-green

coler vision deficiency was obtained. The number of
normal trichroinats was 106 and the total number of
deficients was 85. There were 35 deficients who were
protans {pro) and 30 deficients who were deutans
(deu). No individuals were found to have the blue-
yellow type of color vision deficiency.

Relation of Performance or: Flight Progress
Serips Tests to Color Vision Classification
Pass!Fail Performance. The CFPST and FPST tests
permitcomparison of responses to actual flight progress
strips and color copies of strips that comprise the
practical FPST. The criterion for passing was “no mare
than one error” for the CFPST and the criterion was
the same for the FPST. Thar crizerion was based on use
of the similar FPS materials in a previous experiment
{(Mertens & Milburn, 19922} in which no normal
urichromait made mors than one 1ror. The relation-
ship of passing and failing to type and degree of color
vision deficiency is shown in Table 2. All individuals
with nowmal color vision passed both the CFPST and
EPST. Only one individual with normal color vision
made one error on the CFPST; normals made no errors
on the FPST. The probabiity of failing the flight
progress strips tests increased with degree of color
vision deficiency. No dichromats, wha have the great-
est reduction in color discrimination ability, were able
to pass either test. Only a few of the extreme anoma-
lous category were able to pass borh rests, and all were
deutans. Atleasthalf of both prorznand deutan simple
anomalous wrichromats were zble 1o pass both rests.
Overall, the impzct of celor vision deficiency on color
discrimination in flighe progress strips seems compa-
rabie in borh protans and deutans in terms of pass/fail
sconng (but not in rerms of total errors ax discussed

below). Simple anomalous wichromats had 2pproxi-

Tabie 1
Anomalescope Classifications of Subjects

F

Apomalous Trichromat

Normal Simple
Trichromat Pro Deu
106 1t 18

Pro
11 21

Dichromat
Pro Deu

13 11

Extreme
Deu
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Table 2

Number of Subjects Passing and Failing on the Originai FPS
Test and the Copy FPS Test as a Function of
Type and Degree of Color Vision Deficiency

Anomalous Trichromat

Normal Simple
Trichromat Pro Deu
CFPST  Pass 106 7 1i
Fail 8] 4 7
FPST Pass 106 7 g
Fail 0 4 g

Extreme Dichromat
Pro Deu Pro Deu
O 3 0 0
i1 18 13 11
G 3 0 0
11 16 13 i1

mately a 35% chance of passing, extreme anomalous
trichromats had approximately a 16% chance of pass-
ing, and no dichromats were ablc to pass.

Error Scores. The mean and standard deviation of
total error scores and 95% confidence intervals for the
mean are shown for the CFPST and FPST in Table 3
as a function of type and degree of color vision defi-
ciency. The confidence intervals are presented for
comparison of means for color deficient groups and
normai trichramats. The low, near zero variance among
normal trichromats makes analvsis of variance inzp-
vropriate for comparison of the means of color defi-
cient groups and normals (Box, 1954). Error scores for
both CFPST and FPST increase with degree of color
vision deficiency, and the 95% confidence intervals for
the means of all caregories of deficients typically did
not include the mean for normal trichromars; the only
exceprion was the small overlap of the confidence
interval for the simple protanomalous cazegary on dhe
FPST. Similacly, the mean number of errors for simple
anomalous trichromars in both CCFPST and FPST
tasks is consistently below the 95% condidence wrerval
for extreme anomalous and dichromart carezories for
both protans and deutans. Error scores are consider-
abiyv higher than scores for the simple anomalous in
both dichromats and extreme anomalous of both 1y pes.

The mezn erior scores of the extreme anomalous

groups were lower than rthe means for the dichromar
groups, but within the 95% confidence intervals for
dichromats for both FPST and CFPST error scores.
Analyses of variance, with normal trichromats ex-
cluded, were performed with the MANOVA program
of the SPSS statistical system (SPSS, Inc., Chicago,
IL}. The error scores were evaluated with analvss of
variance 2¢a function of type and degree of color vision
eficiency as “betwesn groups” factorsand test (CFPST
versus FPST) asa “within groups™ facter. The assump-
tion of homogeneiry of variance was rejected by the
Box-M test. Since analysis of variance is robust for
violation of this assumption when the number of
subjects in each group isequal, the method of compen-
sating for hetercgeneity of variance by randomly dis-
carding cases to achizve equal cell numbers was used
{Tzbachnick & Fidell, 1989: Toothaker, 1986}, Find-
ings of the “equal n” analvsis are reporied below. Each
of 6 groups formed by the two types and three depreac
of color vision deficiency had 11 cases. The main
effeces of bath cype and degrec of color vision defi-
clenicy wete statstical'v significant. Protans made sig-
nificantly more errars thae deutans on the FPS resce
[(FI1,79:-97.52, p<.001} and errors increased signifi-
cantiv with degrec of color vision [Fi2,791-70.88,
p<.001}, as discussed above. The interzction of tvpe

and degree was also significznr TF/2.79:=22891,
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Tahie 3
Errcrs on FPST and CFPST as a Function of Type
and Degree of Celor Vision Deficiency

Standard
Diagnosis Mean Deviation tow to Righ
CFPST
Normal 0.01 0.10 6.0 5} 0.03
Protans
Simple 1.91 2.39 .31 to 3.51
Extreme 24,93 4.93 23.60 to 30.22
Dichro. 29.54 7.58 2496 to 34.12
Deutans
Simple 3.50 5.83 0.60 to 5.40
Extreme 7.67 4.20 5.76 1o 4.58
Dichro. 11.91 7.30 7.0 to 16.81
FPST
Normal 0 0 0 to 0
Protans
Simple 2.72 4. 94 -0.59 10 6.05
Extreme 24 46 5.84 20.47 o) 28.44
Dichro. 27.92 9.12 22.42 to 33.43
Deutans
Simple 2.94 5.35 .28 to 5.61
Extreme 5.48 5.G07 3.17 to 7.78
Dichro. §.55 749 4.52 to 14.58

5 e

p<.001}; there was greater difference berween protans
and deutans among extreme: a2nomalous trichromats
and dichromatsthan amongsimple anomzlous trichro-
mats. There was zlso a significane difference for the
main effect of tese, the wichin groups factor
{F(1,79)-6.65, p=.012]. Ne interaction invoiving the
test factor was significant. The significant main effect
of test refleces the facr thar error scores tended 1o be
slightly higher in the UFPST zest than in the FPST.
The dichromats and exiremy anomalous groups aver-
aged approximarely rwo more errors on the FPST than
the CFPST. Mezn errors for the simple anomalous

rrichromars, however, were very similur in the wwo

tests: the sisiple protznomalous acruzliy nad G.82
mere errors on the FPST while the simple deurwes-
anomalous had 0.55 morc crrors on the CFPST. As
shown below, anv small difference in difficaley be-
tween the two tests was not reflected in possifail
perfenmance. The number passing both tests was ex-
zctly the same {127}, as shown in the margina! torals of

Table 4.

validity of the FPST
The validizy of the FPST was evzluzied by compar-
ing pass/fail performance on FPST 10 paseifail perfor-

meonce on the CHFPST, Cohen's Kappa ix). 2n index of

A A




Table 4
Pass/Fail Performance on the FPST versus CFPST

FPSYT
Pass Fail Total

CFPST Pass 123 4 127

Faii

ofn
fapt
o)
Foa)
I

o)
SN}
=~
o
dia
warnd

2
ord

Total
Kappa=03.91

agrezment. was used to assess the validity of the prac- all tems on an FPS, there were much larger ezror scores

tical test, as reconuncaded by the Narional Rescarch un some FPSs than ochers, thus vielding much diffes-
Council-Narionat Academy of Scicnce iNRC-NAS; NI varandces. Th{-r:ture, the “standardized rem al-

Commizce on Yision (1981}, The index can be inter-  pha” based o
preted as the percentage agreement between test and  FU'ST and CFPST, "E'i":: zipﬁef Ui}t ned were 93 for
coiterion variable. with correction for chance. The  the FPST.20d .95 farthe CEPST. Theal phas obtained
relation of passing and failing on the FPST to passing  for the six FPSsofth e computer printing subscale wer
and failing on the CFPST is shown in Table 4. The 91 for the FPST 2nd .92 CFPST. Th- ziphasobrained
validity of the FPST for predicuon of pase/fail perfor-  for the 21 FPSs of the nandwrining subscale were (89
manceouthe CFPST was k= .91, Thatvahidiy sshigh.  and 92 for the FPST and CFPST. re:pecru.'e'iv. It can
The miss raée, or probability of passing the FPST'given  be voncluded thas both FPST and (,i'f' 515 and
thar the CiPST was Giled was 06, Thc filie alarm their subscales have aigh $stimarte :
rare, the p!’Ob&blélE_‘( of fuiling the FPST given thar the
CFPST was passed, was 03, Those error rates are  Aircraft L :ghts Test
considered zcceprably low, and zre comparsbic w Pase'Tozi Perfirnzarvce. The ALF-1 znd Al -1 per-
error rates of the bezzﬁ: cinical colurvidon testswhen  mite  Laricon of responses wo the ALT when 2dmin-
used to precicthecriterion of rormalt versus abaormal istered in 2 low Hlumination similsr to the iluminarion
classification by an unemaloscope rest. at mightinan ATC wewsr, and 2 reletvedy high Hluni-
nafion characterisric of an office. The aumber of
Reliability of the FPST subiccts passing and failing on the ALT are shown in
The FPSsof each iest weresplitinto ewo groups for - Tzhle S 252 function oftype and Cegrev of color vision
omputation of sphit-helf reliability coefficionss, wne deficiency. The criterion for passingthes 31 T-Lwacen
ws-}* adq and one with even numbered I'Ps. Tne  morc than ons error: the writerion for the 4L T-H as
“raw” correfation betwsen the two forms Thalved of  the same. AT individuzls with normal celur vision
the FPST was. Q1. The correlation berweaen “habe=s" of passed both ALT-Y 2nd ALT-H. Onlv one error was
e CFPST was 94, Since spliv-half coeificiensscan be made 'iw 2 mormazbin 20 ALT test 2nd thar was on the
affected by the paricular selecrion of items that are ALT-L The p:obsb:?if}’ of fatling the ALY increased
assigned to cach halll Chrenbach’s slphs was com- with degree of color vision deficiency. No dichromen
pured as g more conservatve eLinate of reliabiling or extrerns annmainns rrichromars were sble o pass
Chronbach s a'pha is hased thie eaception of ane exnzemes deutar

.. 1 - 27 1oy -
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of iterrs. and the sumdar o 3 ciiv, it 5 wWwn simele prosans and q;;?—-:a r-.

EE N




: Table 5 _ _
Number of Subjects Passing and Failing on the ASL-L Test and the ASL-H Testas a
Function of Type and Degree of Color Vision Deficiency

Anomalous Trichromat

- Normal Simple Extreme Dichromat
Trichromat Pro Deu Pro Deu Pro Deu
ASL-L Pass 106 4 7 0 0 G 0
Fail Q 7 11 n 21 13 11
ASL-H Pass 106 3 9 0 1 0 o
Fail 0 8 i i1 20 i3 il
Table 6

Errors on ASL-L and ASL-H as a Function of Type and Degree of Color Vision Deficiency

Standard
Diagnosis Mean Deviation Low to High
ASL-L '

Normal 0.01 0.10 -0.01 to 0.03
rotans '
Simple . 4.00 5.12 0.56 to 7.44
Extreme - 18.27 4.22 15.44 to 21.11
Bichro. 17.69 4.44 15.01 [ta} 20.38

Beutans
Simple 6.39 a3 2.84 to 994
Extreme - 16.48 6.88 13.34 ic 19.61
Dichro. 19.00 6.02 14.96 10 23.04 -

ASL-H : : o

Normal 0 o 0 to 0

Protans :

Simple 6.0G 5.02 2,63 o 9.37

- Extreme 19.55 2.65 17.76 o 21.33
Dichro. 1754 4.539 14.76 fo 20.31

Deutans
Simple 6.78 7.99 2.81 e} 10.7%
Extreme 16.95 6.01 14.22 o 15.65
Dichro. 18.00 4.92 14.70 to 21.31

Error Scores for the ALT. The mean and standard
deviation of exror scores and 95% confidence intervais for
the mean are shown in Table 6 as a function of ype and
degree of colot viston deficiency. Errors increased with
degree of deficiency and the performance of protans and

surans was similzr. The mean of normals was zero or

near zero for both tests. The 95% confidence intervals of
all color deficiency catepories did not include the meanof
normals; and the means for both simple anomalons -
groups were befow the 25% confidence imits for the
extreme znomalous and dichromar groups. Means for che

“extreme anomalous were slightly higher than the means

9




for dichromatsamong protansand lower than dichromats
among deutans, butin both cases means were not ousside
the limits of the cther group.

The ALT error scores for color deficients were
evaluated by analysis of variance as a funcrion of type
and degree of color vision deficiency as “berween
groups” factors and test, ALT-L versus ALT-H. as a
“within groups” factor; normal rrichromats were ex-
cluded. The same cases that were dropped in the FPS

analvsis of variance were again dropped in thiz analysis
10 ac uieve an equal number of subjects (11) in cach
group in order to compensate for hererogeneizy of
variance. Only the main effec of degree of deficizncy
wassignificantin thisanalysis [F{2,60}=41.13, p<.001}.
The main effects of tvpe of deficiency and rest were not
significant, nor were any interactions. This resul: sug-
gests that ALT performance in individuals with vary-
ingtrpe and degree afcolor vision deficiency i relarively

Figure 1.

Chromaticity diagram {TIE 1931) showing chromaticity of lights of the Aviation

Lights Test and the color limits for aviation signal colors as specified bv the FAA and

ICAO.
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insensirive tc variation in test room itluminarion. The
relatively minor variations in test reom illumination
normally occurring as a function of room size, light-
ness of walls and so forth, should nat affect peifor-
mance of individuals raking the test.

Validity of the ALT. The light point stimu}i of the
ALT were validated physically with the computer
controlled specuoradiomerer mentioned above. The
measured chromaticiries of test }ights mer the physical
color specifications for aviation signal red, green, and
white Lighting as given in ICAQ regularions and FARs.
The measured chromaticities of the red. green. and
whire lights of the ALT are given in Figure 1, and zre
ploted along with the gamurs for the three signal
colors as specified by the ICAO.

Reliabilizy of the Practical Color Vision Tests. The
raw correlztion berween halves was .96 for both the
ALT-L and ALT-H rests. Reliabilitics, esiimatcd by
Chronback’s alpha, wers .28 and .97 for ALT-L and
ALT-H 1ests, respecrively. The threc series of nine
iight point pairs that were presented in each test were
considered subscales; alphas were (92, .93, and 92 for
the three subscales of the ALT-L. The alpha. %or the
thres subscales of the AL T-H were .93, 92. and .92 In
summary, the reliabiliries of the ALT westswere very high.

CONCLUSIONS

The present research is the third study in a series of
studics on thz ATCS color vision standard thar ad-
dressed threc problems {1} whether a color vision
staiidard was needed (Mertens & Milburn, 1992a3. (2)
whether FAA-accepted clinical color vision tests were
valid for screening ATCS zppiicants (Mertens &
Milburn, 1992k}, and {3} the development, evalua-
tion, and validation of two practical color vision tests
for the rwe largest options within ATC wotk. the en
route center and terminal options. Khile these studies
have shown that error in simulared ATCS color tasks
is rare in normat trichronsats and that many individu-
als with color vision deficiency are prone to error, the
research has also shown that there are some individuals
with color vision deficiency that ran perform the tashs

[y

bt

as well as normals. The research evaluating the validicy
of clinical tests has shown thae the validity of some tests
is high and that the error rzte is generally acceprable in
terras of not passing individuals who caanot perform
ATCS color tasks accurately. Those tests have higher
er1or Fates in terms of failing some individuals whe can
perform ATCS color tasks ar accurately as normals
The present research has shows thar practical, job-
sample color vision 1ests can be construcred that have
high face validity and also high demonstrated validuy
in terms of selecuing individuals who can perform
ATCS color tasks as accurately as normals, and that
aiso have very high relizuility as required of good
selection tests. These wwo practical color vision tests
yield effective and fair color vision screening of job-
relevant color vision ability for ATCS applicants, and
have been in use for more than one vear.
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